The clinical and pathological histories of two types of spontaneous mammary carcinomata in the rabbit were described in previous papers of this series (1-3). Concurrently with these studies, attempts were made to transfer selected tumors during different developmental stages and to correlate the results of transplantation with morphological findings on the one hand and with biological evidence of malignancy on the other. This investigation was instituted primarily in an effort to determine the relationship between the structural characteristics of the tumors and the capacity for independent growth and thus to place the tumors in their true relation to human cancers and to form a basis for a more extensive study of the development of autonomy.
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The clinical and pathological histories of two types of spontaneous mammary carcinomata in the rabbit were described in previous papers of this series (1) (2) (3) . Concurrently with these studies, attempts were made to transfer selected tumors during different developmental stages and to correlate the results of transplantation with morphological findings on the one hand and with biological evidence of malignancy on the other. This investigation was instituted primarily in an effort to determine the relationship between the structural characteristics of the tumors and the capacity for independent growth and thus to place the tumors in their true relation to human cancers and to form a basis for a more extensive study of the development of autonomy.
During the course of this series of transfers tumors of both types were successfully transplanted to normal animals. The transplanted tumors have been carried through serial generations and their characteristics have been studied to determine their potential value in the general field of cancer research. The object of the present paper is to record the results of the series of transplantation experiments and to describe the behavior of the tumors in experimental hosts.
Materials and Methods
The animals bearing the tumors used in these experiments have been referred to in the papers cited above. A series of transplantation experiments was instituted in a number of instances but in several of these death occurred before the tumor had reached full development while in other living animals, the course of development is still incomplete. To date, a series of transplantation experiments extending over the greater 3o5 p a r t of the course of t u m o r d e v e l o p m e n t has been performed in the case of the animals B240 a n d T36, a n d the results of these experiments form the bulk of the present report.
The animal B240 was a Belgian hare and bore a papillary type tumor, while T36 was a Tan-English hybrid and bore an acinar type growth. In both instances homoioplastic transplantation experiments were performed, using the primary tumor at different stages of development and metastatic growths after death. In addition, autoplastic grafts were made in the case of acinar growth.
Testicular and subcutaneous inoculations were performed in accordance with standard methods and the technique of anterior chamber implantation has been described (4) .
Studies of the behavior of the transplanted tumors are based on observations extended over a number of generations during which the growths were propagated by serial anterior chamber transfer. At the present time, tissue from the primary growth and from a lung metastasis of the animal B240 has been carried through 16 and 10 generations, respectively. A splenic metastasis from T36 has been transferred through 27 serial generations and, in addition, the primary tumor and a lymphatic extension were carried for 9 and 3 generations, respectively, before transfers were discontinued. All operative procedures were carried out under anesthesia.
Complete gross and microscopic postmortem examinations were performed on all animals bearing the transplanted growths, both to discover the presence or absence of metastases and to determine the condition of those organs altered in spontaneous cases. Tissues were fixed in Petrunkewitsch's solution and stained with hematoxylin and eosin, while pituitary glands were fixed in Susa's solution and stained by a modification of Mallory's aniline blue method.
Transplantation o] a Papillary Type Tumor Primary Transplantation Experiments.--The first attempt to transfer neoplastic
tissue from the papillary tumor in the breast of the animal B240 was made on June 2, 1937, 8 months after inception of the mammary disorder. Histologically, the tissue used for transfer showed the cellular and structural characteristics of cancer. The epithelial cells were arranged in multiple disorderly layers, nuclei were extremely irregular in size and shape and mitotic figures were common. Both the connective tissue comprising the stalk of the papillary growth and the periacinar connective tissue were invaded but, in the latter region, invasion was present only in scattered areas and extended only a short distance beyond the basement membrane (Fig. 1) .
Small fragments of tumor tissue were implanted in the anterior chamber of the eyes of 7 normal rabbits. The animals were held under observation for 5 months but growth did not occur. In the majority of cases the transplanted tissue was completely resorbed while, in others, microscopic examination showed complete hyalin transformation.
A second transplantation experiment was performed on Aug. 24, 1937. At this time microscopic examination showed more extensive invasion of the periacinar connective tissue, but invasion of the stroma was no more pronounced than was noted at the previous biopsy and a papillary structure was still clearly defined (Fig. 2) .
Tumor tissue was transferred to the anterior chambers of 8 rabbits, one of which bore a spontaneous uterine adenocarcinoma of at least 15 months duration, together with a growing subcutaneous graft of this tumor. The normal animals were kept under observation for from 4 to 6 months and, at the end of this period, the transplanted fragments had either disappeared or had become necrotic and hyalinized. On the other hand, growth occurred in the eye of the animal with the spontaneous uterine cancer. A take was evident in this instance on the 66th day after transfer. Thereafter the fragment increased slowly and on the 114th day filled approximately ~ of the anterior chamber. A biopsy was performed on this date and tissue transferred to the eye of the opposite side and to the eyes of 14 additional rabbits. Five of the rabbits were known to bear spontaneous uterine tumors, all of which, however, were of less than 6 months duration.
The normal animals were held for 6 months and the rabbits with uterine tumors are still under observation, but no takes occurred. In like manner, the tissue transferred to the opposite eye failed to grow.
Following the biopsy, the fragment left in the eye remained unchanged for 2 months and then increased to fill ~ of the chamber. Thereafter, regression began and the growth had entirely disappeared at death, 5 months after operation.
At autopsy, a number of pea-sized metastatic nodules were found in the omentum but a thorough histological search failed to show other foci of secondary growth. Microscopically, the nodules were comparable with the tissue removed from the eye at biopsy and showed no resemblance to the uterine cancer.
A third transfer from the primary tumor was made on Feb. 1, 1938 . Histologically, the tumor showed an almost complete loss of normal tissue relations. A papillary structure was no longer recognizable and disorderly masses and columns of cells in abortive adenomatous arrangement invaded the connective tissue in all directions (Fig. 3) .
Fragments were implanted in the anterior chamber of 12 rabbits, one of which bore a spontaneous uterine sarcoma of unknown age and another a spontaneous uterine adenocarcinoma of about 5 months duration. The fragments failed to grow in the tumor-bearing rabbits but a take occurred in one normal animal. Growth was evident in this instance on the 50th day and, when the animal was killed on the 87th day, the tumor filled approximately ~ of the chamber. A serial transfer was made and growth occurred in the succeeding generation.
The condition of B240 underwent rapid deterioration following the last operation and it was killed on the next day to insure fresh tissue for transfer. An emulsion of tumor material from the primary growth and a metastatic lung nodule was inoculated intratesticularly into 8 normal males. In addition, fragments of a metastatic lung nodule were transferred to the eyes of 8 rabbits, one of which bore a uterine adenoma of 3 months duration and another an 11 months old uterine adenocarcinoma together with a thymoma of unknown age.
The testicular inoculations did not result in growth and there were no takes in the females used for intraocular transfer. However, growth occurred in the anterior chamber of one male. ~ It was first evident on the 56th day and during the following 2 weeks increased to fill ~ of the chamber. Thereafter regression began and by t h e 106th day the fragment had almost entirely disappeared. On the 120th day, however, a fresh area of growth was noted, and when the animal was killed on the 202nd day the bulging anterior chamber was completely filled with living tumor. A transfer was made and growth occurred in the following generation.
The results of the primary transfers of the B240 tumor have been summarized and are presented in Table I .
Serial Transplantation into the Anterior Chamber.--The results of serial transfer of tumor fragments derived from the primary growth and a metastasis are presented in Table II . Successful transplantation was effected in 47. 4 per cent of all the animals used and the percentage of takes was practically identical in both series. The success of transfer varied widely in different generations of the same series but, as is shown in Chart 1, the trend of variation changed concurrently in the two series and transplantation of both the primary tumor and the metastatic nodule showed similar changes in relation to season. No a t t e m p t was made in this series of experiments to select animals to test the effect of different constitutional factors on the susceptibility to transplantation. Hybrids were used, for the most part, and no indication of breed differences can be obtained from the small group of pure bred animals tested. It was apparent, however, that the Belgian breed in of regression in the eye was coincident with a period of rapid growth in the testicle. In like manner, the period of renewed growth in the anterior chamber occurred simultaneously with a period of quiescence in the testicle, during which the testicular tumor showed no further increase in size. Further experiments concerned with relationships of this order have been performed and will be reported]n a later paper. On the other hand, a pronounced difference in susceptibility between the two sexes is apparent from the data presented in Table II while in the two series taken together there were 60.6 per cent of successful transfers effected in males in contrast to only 37.6 per cent in females. The number of animals used was relatively small but the significance of the figures is enhanced by the fact that females were preponderant in both series.
Clinical Characteristics oJ Growth.--The growth characteristics of the primary tumor and the metastasis are identical in the anterior chamber. Increase in size and beginning vascularization of the transplanted fragments are usually evident by the 15th day. Thereafter, growth proceeds, except in rare cases, until the chamber is filled. This may be noted by the 35th day or may require twice that period and is associated with the development of pronounced glaucoma. In the majority of cases, regression follows, but in some instances growth is progressive; the cornea is invaded and the tumor protrudes externally. The growing tumor is characterized by a cherry-red color which distinguishes it from other tumors under study. Beginning regression is evidenced by the appearance of white patches which extend and eventually involve the entire transplant.
Occasionally, regression begins before the chamber is filled. Instances of this kind occur with the greatest frequency in females and have been made the subject of special study. Experiments are not complete but it has been demonstrated that such animals are refractory to reinoculation in the other eye.
Progressive growth with invasion of neighboring tissues and external extension has only been observed in males, while regression has invariably followed the filling of the chamber in females. The growth of the tumor in an hermaphrodite, the only animal of this type ever found in the colony, is of interest in this connection. A take was not apparent in this instance until the 35th day and the tumor had only increased to fill ½ of the chamber when the animal was killed on the 155th day.
Pathological Examination.--At autopsy the tumors are usually confined to the anterior chamber. The iris and ciliary body are invaded and often completely replaced, but further extension into the posterior chamber is comparatively rare. Invasion of the sclera does not occur and the eyeball remains freely movable despite protrusion of the growth through the cornea.
Histologically, the tumors retain the papillary structure of the parent growth and have undergone no modification as a result of serial passage. The stroma is made up almost entirely of blood vessels which probably accounts for the cherry-red color observed clinically (Fig. 4) .
A detailed postmortem examination was made of all animals, and in view of the changes found in animals bearing spontaneous mammary tumors, particular attention was directed toward the endocrine system. In no instance, however, were changes comparable to those observed in animals bearing spontaneous tumors found in animals bearing transplanted tumors.
Metastasis.--The only animal in which metastasis has occurred was the female mentioned above. This animal bore a spontaneous adenocarcinoma of the uterus which had not metastasized at the time of death. A number of pea-sized nodules unlike metastases of uterine tumors in the gross were found in the omentum at autopsy. Histologically, the nodules were comparable with the anterior chamber transplant and entirely dissimilar to the cancer in the uterus (Fig. 5) . No other gross metastases were found and thorough histological examination of the lung and lymph nodes of the neck failed to show microscopic growths. This is of interest inasmuch as the usual sequence in anterior chamber transplants of other tumors is metastasis to the nodes of the neck, then to the lung and thereafter dissemination throughout the body. Of further interest is the fact that the eye transplant had entirely disappeared at the time of death and at no time had filled more than ~ of the chamber. These observations suggest that metastasis may have resulted from the dislodgement of neoplastic cells into the blood stream during the biopsy performed 5 months before death.
The majority of animals bearing transplanted tumors have been killed as soon as takes become apparent in the following generation. However, $ animals with growing transplants were held for 6 months without the occurrence of metastasis. In addition, one animal still living has been under observation for 8 months. Growth has been progressive but, at the present time, the animal appears in good physical condition and metastatic nodules cannot be palpated.
Transplantation to Other Sites.--Numerous attempts have been made to transfer tumor fragments derived from anterior chamber transplants to other sites in other animals and a small number of takes has been obtained in the testicle and subcutaneous tissue.
Testicular transfers have been attempted using both emulsions and whole fragments of tumor tissue. Growth was obtained in 2 animals in a series of 19 inoculated with an emulsion but serial transfer was unsuccessful in both instances. On the other hand, successful transplantation was effected in 2 animals of a series of 8 inoculated with whole tumor fragments and, at the present time, takes are evident in the second serial generation.
All animals bearing testicular transplants have been killed for serial transfer and the ultimate fate of the testicular growth is as yet unknown. Histologically, the growth is invasive and the same papillary structure observed in the eye is maintained (Fig. 6) .
The subcutaneous transfer of whole fragments has given rise to one take in a series of 6 inoculated animals. Serial transfer from this animal was unsuccessful. HistologicaUy, growth is similar to that observed in the testicle and the eye.
Transplantation of an Acinar Type Tumor
Primary Transplantation Experiments.--The first transplantation experiment involving the acinar type tumor in the breast of the animal T36 was performed on June 3, 1937, one m o n t h after appearance of the growth. Microscopically, the tumor consisted of a compact mass of round or slightly elongated acinus-like structures embedded in a minimum of stroma. I n scattered areas acinar formation was poorly defined and mitotic figures were numerous (Fig. 7 ).
An autologous transfer was attempted and a piece of tumor measuring 0.5 cm. in diameter was planted subcutaneously in the loose tissues at the side of the neck. The fragment grew slowly and at the time of death, 15 months later, measured approximately 3 cm. in diameter and showed an histological structure identical with that of the parent growth.
A second autologous transfer was made on Sept. 20, 1937, when a piece of tumor tissue measuring 0.4 cm. in diameter was transplanted subcutaneously in the opposite side of the neck. Histologically, the appearance of the primary tumor was unchanged.
The graft was successful and when removed on Dec. 9, 1937, had increased to a mass 1½ cm. in diameter with no alteration in histological structure. Fragments of the autologous graft were transferred to the anterior chamber of the eyes of 7 normal rabbits. These animals were held under observation for 4 months but growth did not occur.
A third biopsy of the primary tumor was performed on Mar. 15, 1938, but sections showed no evidence of further anaplastic change. At this time, fragments of tumor were transferred to the anterior chambers of 6 normal rabbits and an emulsion of the tissue was inoculated into the testides of 2 males. The animals were held for 4 to 5 months but again growth did not occur.
A small pea-sized secondary nodule was noted in a breast of the opposite side shortly after the last operation and during the following 2 months, the nodule increased to a mass 6 X 3 cm. A biopsy was performed on May 24, 1938, and sections showed a radically different structure. There was no attempt at acinar formation and epithelial cells grew in solid, irregular, undifferentiated masses which infiltrated the connective tissue and muscle in all directions (Fig. 8) .
Fragments of this tumor were transferred to the eyes of 8 normal animals and an emulsion was inoculated intratesticularly in 5 males. No takes resulted from the testicular inoculations but the intraocular transfer was successful in one instance. Growth was apparent on the 17th day and the chamber was completely filled when the animal was killed on the 90th day. A serial transfer was made and growth occurred in the succeeding generation.
The primary tumor was opened for the fourth time on June 17, 1938. Sections showed large areas of less clearly defined acinar growth with an increase in the number of mitotic figures, but otherwise the general characteristics observed in previous biopsies were preserved and nowhere was the disorganized structure of the secondary tumor apparent (Fig. 9) .
Fragments of the tumor were transferred to the anterior chambers of 5 animals, 2 of which bore spontaneous uterine tumors of 2 and 5 months duration. The animals were held for 6 months but no takes resulted.
A decline in the condition of the animal became apparent toward the middle of September, 1938, and on the 27th of that month it was found in extremis and killed.
The bulk of the primary tumor showed no histological alterations significantly different from those observed in the last biopsy but there were small scattered areas of less organized growth (Fig. 10) . Serial sections showed direct lymphatic extensions from the more anaplastic areas to the daughter growth. Metastases were present in almost all organs of the body and showed the same histological structure observed in the lymphatic extension. Fragments of the primary tumor were transferred to the eye of 6 normal animals and growth occurred in 5 instances. Takes were evident in these cases by the 28th day and, in the majority of animals, the anterior chamber was ~ filled by the 35th day. Serial transfers were made on that date and growth occurred in the following generation.
In like manner, fragments from a metastatic nodule in the spleen were transferred to the eyes of 6 animals and, in addition, an emulsion was inoculated intratesticularly in 4 males. No takes resulted from the testicular transfers but growth occurred in all but one of the anterior chamber transplants. Growth was apparent in all instances by the 13th day. Regression occurred in 3 cases but in the remaining animals, growth was progressive and the chamber was completely filled by the 20th day. Serial transfers were made on that date and growth occurred in the succeeding generation.
The results of the primary transfers of the T36 tumor have been summarized and are presented in Table III .
Serial Transplantation into the Anterior Ckamber.--The results of serial transfer of tumor fragments derived from the primary growth, a lymphatic extension in the breast and a splenic metastasis are presented in Table IV . The primary tumor and lymphatic extension were carried for 9 and 3 generations, respectively, and were then discontinued. The splenic metastasis, on the other hand, has been carried to the present time.
The percentage of takes obtained in the first generation from the lymphatic extension was far below that observed in the first transfer of fragments obtained from the primary tumor and the spleen at autopsy 4 months later. Moreover, in subsequent generations a similar proportion of takes was never obtained. Transfer of the primary growth and the splenic metastasis resulted in 100 per cent of takes after the first few generations and there has been no evidence that age, sex, or breed exerted any influence on the susceptibility to transplantation.
Clinical Characteristics of Growth.--There were no observed differences in the growth characteristics of the three tumors. In the first few generations, takes were not evident until the end of the 2nd week and from 4 to 5 weeks of growth were required for the filling of the chamber. At the present time, however, growth is usually apparent by the 5th day and the chamber may be completely filled by the 15th day. Pronounced glaucoma follows continued growth and may lead to rupture of the cornea.
Arrest of growth with regression may occur at any stage in the growth of a transplant. It may occur a few days after vascularization or be delayed until after corneal rupture, but in all cases so far observed, regression rather than progressive growth has been the ultimate fate of the tumor. After regression, the animals are refractory to reinoculation, Pathological Examination.--At autopsy the tumors lack the cherry-red color observed in the papiUary growths and are softer in consistency but, otherwise, the gross appearance of the two transplants is similar. Histologically, the first generation transplants of the primary tumor, the lymphatic extension, and the splenic metastasis were identical in appearance and remained unchanged throughout serial transplantation. This is of interest in view of the fact that the fragments originally removed from the growths showed considerable structural difference. The primary growth was composed of well defined acini in closely packed arrangement, but the growing transplants resemble the lymphatic extension and the metastases found in the spontaneous host and consist of solid, undifferentiated cellular masses (Fig. 11) .
The transplants are supplied with a rich plexus of blood vessels but the supporting connective tissue stroma is scanty in amount. Occasionally, isolated groups of tumor cells deep in the ciliary body show abortive acinar arrangement but elsewhere there is no evidence of organization. Regressive changes begin in areas furthest removed from blood supply and the only living cells found in old transplants are those in the immediate vicinity of vascular channels.
Metastasis.--At the present time, the tumor has been successfully transplanted to more than 200 animals, all of which were eventually subjected to thorough postmortem examination, but in no instance have metastases been found.
Transplantation to Other Sites.--Attempts to transplant the tumor intramuscularly or subcutaneously have been entirely unsuccessful. Testicular transfer has given rise to one take in a series of over 50 animals inoculated with eye transplants obtained from various generations. Moreover, in this single instance growth did not occur in the testicle but, at autopsy, a large tumor nodule was found high up in the spermatic cord. Autopsy was performed 102 days after inoculation and the nodule, which was histologically identical with eye transplants, had attained a size of 0.8 X 0.5 × 0.5 cm. A series of intraperitoneal inoculations was attempted because of this growth but to date no takes have resulted.
Attempted Transplantation of Other Breast Tumors
Attempts have been made to transfer other tumors of both papillary and acinar type but in all except one case invasion was limited to the immediate m a m m a r y region at the time of transfer and transplantation to normal animals resulted in complete failure. These experiments included six animals bearing papillary type tumors and two with acinar type growths, and in a number of instances multiple transfers were performed but, to date, invasion has not extended beyond the tissue of origin and transplantation has not been successful. In one additional case, EB2-2, transfers attempted during stages of local invasion were unsuccessful, but a recent transfer performed after invasion of the skin and muscle has given rise to takes.
DISCUSSION
The significance of this series of experiments can be appreciated best by viewing the results in the light of experience with the transplantation of other tumors. It will be recalled that from the earliest attempts to transfer tumors it has been found that many apparently malignant growths could not be transplanted while others could be transplanted with ease. There are, however, no records of a systematic effort to correlate the results of transplantation with morphological findings on the one hand and with biological evidence of malignancy, such as the invasion of foreign tissues or the presence of metastases, on the other.
It is well known that the spontaneous tumors of animals, as of man, show a wide range of malignancy and that comparable degrees of biological variation are presented by transplanted tumors. In the case of the rabbit, few tumors were successfully transplanted prior to the beginning of the present investigations in this laboratory, but early experience with these tumors indicated the existence of the same variations in transplantability and malignancy. The Brown-Pearce tumor is the best known of the earlier tumors. It was an extremely malignant tumor, developing from a small cutaneous lesion to a growth with widespread metastases in a period of approximately 6 months. No attempt was made to transplant this tumor until metastasis had occurred, but the primary transfer was effected without difficulty by the use of a method which would not permit growth of any of the uterine or breast tumors of the present series. Moreover, none of these tumors has attained a degree of malignancy comparable with the Brown-Pearce tumor as a result of serial transplantation. It is evident that the recent tumors possess a capacity for growth of a much lower order. It is uncertain whether this difference is related to the nature of the tissue from which the tumors arose or to other causes, but it is of particular interest because it is conceivable that in the case of growths similar to the BrownPearce tumor it might be more difficult to trace the progressive development of cellular autonomy.
In this connection, the potentialities of the anterior chamber of the eye as an inoculation site should be emphasized. Numerous attempts were made in the past to transfer breast tumors to the testicle and efforts were continued throughout the present series of primary transplantation experiments, but all met with failure. Moreover, considerable difficulty was encountered in the testicular transplantation of the papillary type tumor even after continued eye transfer and, to date, all attempts to transfer the acinar type tumor to the testicle have been unsuccessful. On the other hand, primary transplantation to the anterior chamber of the eye was readily accomplished and serial transfer to this site was attended by a high degree of success. The ease with which anterior chamber transplantation can be effected greatly facilitates the study of neoplasia in the rabbit and transfer to this site offers the additional advantage of direct visual examination or even of microscopic study of the growing tumor. Had it not been for the development of this technique, the present series of investigations would have been impossible.
With reference to the present series of experiments, it was emphasized in other papers that the spontaneous mammary tumors under study frequently remained confined to normal boundaries for long periods of time despite the presence of morphological cellular changes generally associated with invasive growth. Moreover, the occurrence of metastasis was delayed in some instances for as long as a year after local invasion could be demonstrated. Thus, anaplastic cellular changes occurred early in the course of tumor development and were not associated with immediate local invasion or metastasis. On the contrary, local invasion and metastasis occurred at a much later stage of the disorder and apparently represented progressive steps in a graded evolutionary process.
The present series of investigations was undertaken primarily in an attempt to clarify this situation. The long intervals between anaplastic changes in the tumor cells, invasion of surrounding tissues, and the eventual development of metastases offered an excellent opportunity to test the biological significance of these events. Accordingly, transplantation experiments were performed at different morphological stages in the development of two distinct types of mammary cancer, and the ability to survive and to grow progressively in the anterior chambers of normal rabbits was taken as evidence that the tumors had attained self-sufficiency. In this way, morphological findings could be correlated with the development of the capacity for independent growth and the conclusions derived from study of the spontaneous disorder subjected to experimental test.
It was observed primarily that transplantability was not immediately related to the microscopic structure of the tumor cells, for anaplastic cellular changes were present 9 to 15 months before transplantation into normal animals became possible and were no more pronounced in the fragments successfully transferred than in the fragments secured at the first biopsy: On the other hand, there existed a definite correlation between the success of transplantation and the morphological relationship of tumor cells and the normal cells of the host.
In the case of the papillary type tumor (B240), failure followed all attempts to transfer the primary growth to normal animals during developmental stages in which the rupture of normal relationships had proceeded only to the point of local invasion. Successful transplantation of the primary growth was only possible after a more complete rupture had occurred with invasion of distant and foreign tissues by tumor cells.
Results of a similar nature were obtained with the acinar type tumor (T36), but in this instance a local breast extension was successfully transferred to a normal animal 4 months before transplantation of the primary tumor was possible. Metastases were not palpable at the time and did not appear until shortly before the successful transfer of the primary growth.
Microscopic examination of the extension at the time of successful transplantation revealed an entirely different structure than was noted in the primary tumor. There was a complete lack of organization and cells grew in solid infiltrating cords, in contrast to the well defined acinar organization which persisted in the primary tumor. In addition, both the connective tissue of the breast and the underlying muscle were extensively invaded, while invasion in the primary tumor was limited entirely to the neighboring breast tissue. At autopsy, a direct lymphatic extension was found connecting the two growths. In the region of extension, the acinar arrangement of the primary tumor was less clearly defined and organization was gradually lost as the secondary growth was approached.
Growth along the lymphatic was thus associated, on the one hand, with a gradual decline in the influence of the factors controlling tissue relations as manifest by structural disorganization and, on the other hand, by the development of autonomy as shown by the ability of the tumor cells to grow in normal animals. The different environmental relations of the tumor cells may have been a factor in these changes. Growth along a lymphatic is expansive rather than invasive; the tumor cells proliferate rapidly and without the hinderance imposed by a connective tissue capsule. It seems reasonable to suppose, therefore, that their potentialities might be expressed at an earlier date than those of more slowly dividing cells subjected by reason of the confining capsule to increased pressure after each division.
In any case, the findings with reference to the transplantability of the primary growth to normal animals were the same for both of the tumors used. Transplantation could not be effected during stages of local tissue invasion but was successfully performed as soon as metastasis had occurred.
It should be emphasized that the term local tissue invasion is used throughout this paper to mean invasion of the tissue in which the tumor originated, while metastasis is employed to signify invasion and proliferation in a different tissue at a distance. The early successful transplantation of the lymphatic extension in the case of the T36 tumor does not constitute a contradiction to the statement recorded above, for this growth was not a true metastasis and the forces governing its development were obviously of a different character than those concerned in the maturation of the primary tumor.
It is clear, therefore, that neither the presence of anaplastic cellular changes or of local tissue invasion in the primary growths of these tumors constitute evidence of self-sufficiency. It would appear, on the other hand, that they represent potentialities or stages in the development of autonomy, the final attainment of which is only evidenced by metastasis or by invasion of foreign tissues.
Further evidence that local invasion represents a stage in the development of the capacity for independent growth is given by the early successful transplantation of the primary tumor of B240 to an animal bearing a spontaneous uterine adenocarcinoma of long Standing. The fact that tumors may be more easily transplanted to animals bearing spontaneous growths than to normal animals was first shown by Fleisher and Loeb in experiments with mice (6) . This has also been found to hold true in the transplantation of tumors to rabbits with spontaneous growths of the same nature when the spontaneous tumor has been present for a long period of time, but the reverse obtains if the spontaneous tumor is of short duration; such animals are more refractory to transplantation than are normal animals (5). It seems probable, therefore, that the failure to obtain takes at a later period of breast tumor development in animals bearing early uterine growths may have been related to the existence of this state.
The successful transfer of the tumor during a stage of local invasion to an animal with a spontaneous uterine growth of long duration in contrast to the complete failure of transfer to normal animals may be interpreted as evidence of the existence of a gradient in transplantability. This is given support by the results of extensive experiments of the same nature using tumors of the uterus. In such experiments it has been noted repeatedly that tumors in a stage of local tissue invasion will not survive in normal animals but will grow progressively in those bearing spontaneous growths of long duration. On the basis of such findings, it is assumed that in the instance in question the capacity for independent growth was not fully developed at the time of transfer and the factors essential for the continued life of the tumor were not present in normal animals but were supplied by the experimental host bearing the spontaneous growth. At a later stage of tumor development, however, such factors were no longer necessary; autonomy was attained and the tumor possessed the capacity to grow in normal animals.
Successful autoplastic transplantation of the acinar type tumor was effected more than 15 months before an homoioplastic transfer was possible, indicating that in this instance as well, factors essential to the continued life of the tumor were present in the spontaneous host but absent in normal animals.
The nature of the factors essential to the continued growth and development of a dependent tumor is a subject of present study but the data presented in this series of papers suggest strongly that the factors are endocrinological in origin. Almost identical endocrinological lesions were found at postmortem examination in B240 and in the animal bearing a spontaneous uterine tumor which furnished a suitable nidus for the growth of B240's dependent tumor. Moreover, profound endocrinological changes of a similar nature were found in the animal T36 and such changes may have formed the basis of the early success of autoplastic and failure of homoioplastic transplantation experiments.
It should be noted, however, that in the first instance cited above, the factors present in the experimental host apparently did not entirely compensate for those of the spontaneous host. The transplanted tumor did not undergo complete autonomous development during its residence in the experimental host and could not be removed and transplanted to normal animals. An additional fact of interest in this connection is that the capacity for independent growth exhibited by the lymphatic extension of the growth in T36 was not as great as that shown by the primary tumor after continued residence in the spontaneous host. The percentage of takes that resulted from transfer of the lymphatic extension was far below that obtained in the first successful transfer of the primary growth and an equal proportion of successful transplantations did not occur in subsequent serial generations. Thus, after 4 months of passage in normal animals, only 62.5 per cent of takes of the lymphatic extension were obtained in contrast to 100 per cent of takes of the primary growth after only 1 month of serial transfer.
Study of the growth characteristics of the transplanted tumors in normal animals brings out several points of interest which warrant further consideration. In the first place, an analysis of the results of transplantation of the papillary type tumor reveals the surprising fact that twice as many takes occurred in males as in females and that all growths which progressed to the extent of corneal invasion occurred in males. The possible interpretations of this finding have not as yet been subjected to experimental test. It is conceivable, however, that the cells of this tumor may have retained some measure of response to normal physiological stimuli and that there exists in all animals a mechanism for controlling the extent of the temporary hyperplasia which characterized the various physiological phases of increased activity throughout life. Inasmuch as cycles of hyperplasia occur with periodic frequency in the female, it would seem that the controlling mechanism might be more strongly developed in this sex. In consequence, it might be assumed that active, abnormally proliferating counterparts of normal tissues introduced into such animals would have less chance of survival or of progressive growth. On the other hand, the difference in susceptibility may be referable to a factor resident in the tumor. There has been some evidence that growths of this type might be functional to the extent of producing a substance similar to an endocrine secretion but facilities for bioassay have not been available.
A difference of this nature is not encountered in the transplantation of the T36 tumor. On the contrary, this tumor grows in all animals without apparent regard to sex, age or other constitutional attributes. It is further distinguished by a very rapid growth rate and by early regression so that widespread invasion and metastasis do not occur. Such a combination of characteristics renders the tumor of unusual value in a determination of the interrelationship of growth rate, immunity and metastasis, and a study of this nature is now under progress. The rapid multiplication of cells is apparently associated with the development of a strong refractory state in the host and, as this state can be altered experimentally, the effect of the alteration on other tumor characteristics can be investigated.
Further series of primary transplantation experiments are being performed as more breast tumor material becomes available. In addition, numerous experiments of a similar nature have been carried out, using primary tumors of the uterus, and such experiments are being continued. Finally, in an attempt to determine the applicability of the findings to human tumors, a series of experiments involving the heterologous transplantation of human tumors during different developmental stages has been undertaken (7) . Both of these series are incomplete at the present time but the results so far obtained are in complete accord with those presented in this paper.
SUMMARY
A series of experiments is described in which fragments derived from two mammary tumors of distinct types were transferred at different developmental stages to the anterior chamber of the eye of normal rabbits. It was found that the ability to survive and to grow progressively after transplantation was not immediately related to anaplastic cellular changes. On the other hand, there existed a definite correlation between the success of transplantation and the morphological relationship of tumor cells and the normal cells of the host. Transplantation to normal animals could not be effected during stages of local tissue invasion but was successfully performed as soon as the tumor cells manifested the ability to invade foreign tissues or to metastasize in the spontaneous host. It was concluded, therefore, that neither anaplasia nor local tissue invasion represented autonomy but, rather, stages in its development and that the final attainment of this condition was only evidenced by metastasis or by invasion in foreign tissues.
The tumors were successfully transplanted to normal animals during this series of experiments and have been carried by serial transfer to the present time. The most outstanding feature in the transplantation of the papillary type tumor was the marked difference in susceptibility exhibited by the two sexes. The acinar type tumor was distinguished by high transplantability, an extremely rapid growth rate and early regression. 
